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METHOD AND APPARATUS FOR PRODUCING 
ClOSEPCEH- FOAM 

This application is a continuation-in-part of U.S. Patent 

Application Serial No. 08/313,359 filed on September 27, 1994, 

now allowed and pending. 

Background of the Invention 

5 The present invention relates to methods and apparatus 

for mixing a gas with a liquid polymeric material to produce a closed 

cell foam structure such as a foam coating or bead. More 

particularly, the invention is suitable for use with polymeric materials 

such as adhesives, sealants and caulks. 

10 The types and quality of foamed polymeric material 

produced by the methods and apparatus of the present invention are 

generally similar to those produced by apparatus of the type 

disclosed in U.S. Patent No. 4,778,631 (the '631 patent) issued to 
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Cobbs, Jr. et al. and assigned to the assignee of the present 
invention. The disclosure of the '631 patent is hereby fully 
incorporated by reference herein. The apparatus disclosed in the 
'631 patent is a dynamic mixer which was developed to address the 
5 very difficult problem of homogeneously mixing two different 

materials having very divergent viscosities or, in other words, having 
an extremely high viscosity ratio. More specifically, it deals with the 
problem of homogeneously mixing a gas which essentially has a 
viscosity near zero (1.2 x 10** Ibs./ft.-sec.) with liquid polymers 

10 having viscosities ranging from about 2000 centipoise (cps) up to, 

for example, 1,000,000 cps to produce high quality closed cell foam. 
Although the dynamic mixer of the '631 patent also works very well 
with polymers having lower ranges of viscosities, it is disclosed as 
being especially useful and advantageous for mixing gas with liquid 

1 5 polymers having viscosities in the range of 50,000 cps to above 

1,000,000 cps. 

The dynamic mixer of the '631 patent produces a very 
high quality closed cell foam such as foamed plastisol which may be 
used to form a gasket or as a coating such as an auto body 

20 undercoating or as a bead for other sealing purposes. The "high 

quality" of the closed cell foam produced by the dynamic mixer of 
the '631 patent is characterized by the homogeneous dispersion of 
microbubbles of gas which remain trapped within the polymeric 
material after it has been dispensed from the mixer and has cured or 
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set. Prior to the introduction of dynamic mixers of the type disclosed 
in the '631 petent, apparatus incorporating gear pumps had been 
utilized to foam so-called "hot melt" adhesives which range in 
viscosity from about 2,200 cps to 20,000-35,000 cps at the usual 
5 dispensing temperatures of about 350° F to 400° F. One example 

of this type of apparatus is disclosed in U.S. Patent No. 4,059,714 
to Scholl etal. 

Two other mixing devices designed to mix liquid 
polymers with gas are disclosed in U.S. Patent No. 4,396,529 (the 

10 '529 patent) to Price et al. and U.S. Patent No. 4,527,712 (the '712 

patent) to Cobbs, Jr. et al., both being assigned to the assignee of 
the present invention. Like the above-mentioned patent to Scholl et 
al., the '529 patent concerns the foaming of hot melt liquid 
adhesives. Specifically, the '529 patent discloses a dispensing head 

1 5 including a static mixing means preferably comprising four baffle 

plates disposed directly upstream of the dispensing head discharge 
orifice. Pressurized gas is injected into a contact chamber containing 
pressurized liquid hot melt adhesive immediately upstream of the four 
baffle plates. As the liquid hot melt adhesive and gas are caused to 

20 flow through the baffle plates, the mixture is divided and then 

recombined to distribute the gas within the adhesive. 

Although the device disclosed in the '529 patent 
performs satisfactorily when used in conjunction with many liquids, 
and specifically hot melt adhesives having much lower viscosities 
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than the materials used in, for example, the dynamic mixer of the 
'631 patent mention above, testing has shown that higher viscosity 
liquid polymers having viscosities above about 3,000 cps cannot be 
formed into high quality foams with the dispensing head of the '529 
patent. More specifically, when plastisols having viscosities on the 
order of 3,000 cps and above are run through the dispensing head 
disclosed in the '529 patent, inadequate dispersion of the gas within 
the ptastisol results in low quality foam which is unsuitable for many 
applications. Thus, the dispensing head of the '529 patent is not 
suited for producing the high quality foamed polymeric material 
which is produced by the dynamic mixer of the '631 patent 
mentioned above. 

In addition to the problems associated with attempting 
to produce high quality foam from high viscosity materials using 
apparatus of the type shown in the '529 patent, uneven gas 
distribution may result in certain liquids having even lower 
viscosities, e.g., in the range of about '2000-3000 cps. It is 
theorized that problems associated with the use of such lower 
viscosity materials may relate more to an inability of the material to 
hold gas in a homogeneous dispersion than to the viscosity of the 
material. 

The '712 patent to Cobbs, Jr. et al. relates to methods 
and apparatus for dispensing foams or atomizable paints. More 
particularly, the '712 patent utilizes a combined heater and mixer to 
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coincidentally heat and mix a gas and a liquid polymer. The 
heater/mixer is contained in a circulating loop which further includes 
a feed pump for force feeding liquid polymer into a metering block 
disposed at the inlet to the heater/mixer. The circulating loop also 

5 includes one or more dispensing guns and a recirculation pump for 

maintaining the system pressure in the loop. The metering block 
further receives a blowing agent or gas which is mixed with the 
liquid polymer in the heater/mixer. The heater/mixer is disclosed as 
including either a static mixer or a dynamic mixer. With specific 

10 regard to the static mixer alternative, a conventional static mixer 

formed with 21 elements of right and left-handed helices is 
disclosed. 

Several disadvantages are associated with a 
recirculation type system with regard to the production of foams 

15 with highly viscous liquid polymers. Namely, the use of a circulation 

loop which necessitates both a feed pump and a recirculation pump 
increases the size and cost of the system as compared to systems 
which do not require such a loop. Moreover, the degree of mixing is 
strictly dependent on the ratio between the difference in flow rates 

20 through the heater/mixer and the dispensing gun or guns. In other 

words, to obtain better mixing the flow rate through the heater/mixer 
must be much higher than the flow rate through the dispensing gun 
or guns. Therefore, there must be a relatively high flow rate through 
the heater/mixer to achieve adequate mixing, however, the 
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comparably low flow rate through the dispensing gun or guns causes 
the system to be inefficient and unusable in many applications. This 
is especially true In the case of highly viscous polymers which do not 
easily achieve high flow rates. 

In view of the above noted problems in the prior art, 
there is a need for improvements in the formation of high quality 
closed cell foam from higher viscosity polymers, and specifically for 
improvements which increase the efficiency and cost effectiveness 
of producing such high quality closed cell foam. 
Summary of the Invention 

To these ends, the present invention comprises methods 
and apparatus for producing high quality closed cell foams for use in 
applications such as bonding, coatings, sealant beads, seam filling, 
and gaskets/ Specifically, with respect to non-newtonian fluids, the 
invention concerns forming these high quality closed cell foams from 
viscous polymers having viscosities in excess of about 1 ,000 cps 
and, more preferably, above about 3,000 cps. In a first preferred 
embodiment an in-line single pass static mixing device containing a 
very large number of individual mixing elements is used to 
homogeneously disperse a gas throughout a highly viscous liquid 
polymeric material such as a plastisol, silicone, butyl or urethane 
based material. One suitable urethane based material is sold under 
the trade name "Dynafoam" and may be used as a gasketing 
material. The specific number of mixing elements will vary according 
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to the design of a particular mixer, but quite unexpectedly, a large 
number of in-line elements, in some cases numbering from about 4-8 
times the number of identical elements utilized in conventional static 
mixer applications, produce high quality foam from highly viscous 
5 polymers in a wide range of flow rates through the mixer. The result 

is a closed cell foam which comprises a homogeneous dispersion or 
solution of similarly sized microbubbles of gas within a polymeric 
matrix. The present invention further allows variable density 
reductions of the polymer in desirable ranges such as between 30%- 
10 50%. 

As used herein, the term "solution" describes the liquid 
polymer containing a dissolved gas supplied under high pressure to 
the static mixing device which creates a foamed polymeric structure 
when dispensed at atmospheric pressure. The term "solution" as 

15 used in the specification and claims of the application is intended to 

define and encompass the broader generic definition of "solution" 
which is a homogeneous mixture of a gas and a molten or liquid 
polymer, whether or not all of the gas molecules are in fact dissolved 
or dispersed among the polymer molecules, but where the gas is not 

20 present as a bubble in sizes which are equal to or larger than the 

polymer molecule size. 

The first embodiment of the invention more specifically 
comprises a pressurized bulk material source for force feeding highly 
viscous liquid polymer into either a rigid or flexible conduit containing 



PCT/US9S/12392 



-8- 

a large number of static mixing elements. Gas at a pressure above 
the pressure of the polymer is also injected into the conduit upstream 
of the static mixer. A nozzle or dispensing gun is attached to the 
conduit downstream of the static mixer and may be designed 
according to specific application requirements to dispense the 
solution in the form of, for example, a bead or a spray coating. 
Specific applications of the present invention include those in which 
the dynamic mixer of the '631 patent is presently used such as auto 
body undercoating and soundproofing applications and other sealing 
applications such as gasket production. 

In one alternative of this first embodiment, the static 
mixer comprises at least approximately 90 conventional mixing 
elements taking the form of alternating right and left-handed helices 
substantially identical to those disclosed in the '712 patent. Most 
preferably, to enable the use of as few as approximately 90 such 
helical elements while still producing high quality foam, it has been 
found that the mixing elements should be, contrary to the prior art, 
received loosely by the conduit. That is, a gap should exist between 
the mixing elements and the inner wall of the mixer conduit. For 
example, static mixers of the present invention may comprise mixing 
elements having an outer diameter which is about 25% less than the 
inner diameter of the conduit. 

When such helical elements are received tightly by the 
conduit, that is, when there is little or no gap left between the inner 



wall of the conduit and the outer edges of the elements, It has been 
found that approximately twice the number of elements are 
necessary to obtain the same quality of foam with no "coughing- or 
"spitting" at the nozzle during the dispensing operation. "Coughing" 
and "spitting" occur as the result of relatively large gas bubbles 
forming In the solution of liquid polymer and gas. When these gas 
bubbles are discharged from an outlet nozzle, they disrupt the 
uniform output of foamed material. 

It is theorized that the Increased mixing efficiency of 
the loosely received elements, i.e., the ability to use less mixing 
elements while still obtaining high quality foam with no coughing or 
spitting, is the result of combined cross sectional and longitudinal 
mixing. Static mixers generally perform in a manner which simply 
takes a stream of fluid and separates it cross sectionally into many 
layers depending on the mixing element design. These layers are 
brought back together after being turned, directed or twisted in some 
different orientation. The loosely received static mixing elements 
allow not only the cross sectional layering and twisting of the fluid to 
occur through divided flow paths provided by the helical element 
design, but to also allow fluid to travel longitudinally along the 
outside of the mixing elements relative to other fluid being divided by 
the mixing elements. Therefore, this invention further contemplates 
a static mixer which not only forms layers cross sectionally but also 
produces movement of different fluid segments at different 
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longltudinal rates through a conduit. That is, for a given amount of 
fluid, the static mixer will both form a large number of cross 
sectional layers and will also cause portions of the fluid to move 
longitudinally faster or slower through the mixer relative to other 
portions end therefore produce longitudinal mixing as well. 

Static mixing elements having designs other than the 
helical design of the elements mentioned above may be used in 
practicing the present invention. The required number of elements 
will vary according to the mixing efficiency of the chosen design, 
however, as determined through tests performed with several 
common designs, the required number in each case has been found 
to be significantly higher then the number used in prior conventional 
mixing applications utilizing such static mixers. As there can be a 
significant pressure drop across such a large number of static mixing 
elements, the pressure at which the polymer is force fed into the 
upstream end of the static mixer is chosen such that the pressure 
will not drop below a critical pressure at the nozzle which represents 
the minimum pressure necessary to dispense the solution in a 
particular application. The flow rate of the solution through the 
static mixer is dependent on factors such as the system pressure, 
the viscosity of the solution and particularly of the liquid polymer, 
and the number and design of the mixing elements. 

In a second embodiment of the invention a dynamic 
mixer, such as one disclosed according to the '631 patent, and a 
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static mixer are combined in series to produce high quality closed cell 
foam with no coughing or spitting at the outlet nozzle. Of course, 
with the dynamic mixer used alone, high quality foam of the type 
produced with the above-mentioned static mixers may be produced, 

5 however, if the flow rate is increased too much with this dynamic 

mixer, coughing and spitting results. It has been found that by 
coupling a static mixer in series with the dynamic mixer, a significant 
increase in flow rate may be achieved without resulting in coughing 
and spitting at the nozzle. It was also found that relatively lower 

1 o numbers of static mixing elements are necessary in this embodiment 

than in the first embodiment to achieve both high quality foam and 
high flow rates without large air bubbles which produce coughing 

and spitting at the outlet. 

In the second embodiment, the gas and liquid polymeric 
1 5 material are preferably supplied to the dynamic mixer and a static 

mixer is connected to the outlet of the dynamic mixer. It is 
contemplated, however, that the relative positions of the dynamic 
and static mixers may be reversed such that the static mixer receives 
the liquid material and gas and the dynamic mixer is connected to 

20 the outlet of the static mixer. 

Several advantages over the prior art are obtained by 
way of the present invention. With the first embodiment utilizing 
static mixers alone, high quality closed cell foam coatings and beads 
may be applied using apparatus and methods of the present 
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invention in many diverse applications while avoiding the relatively 
high costs associated with dynamic mixers currently in use. Due to 
the surprising finding that a relatively simple static mixing device 
constructed according to the present invention can be used to 
homogeneously mix gas into viscous liquid polymeric materials to 
form closed ceil foams, major costs associated with the 
manufacture, repair, maintenance and clean-up of pripr dynamic 
mixers used to produce many of the same closed cell foams, may be 
substantially reduced by the present invention. When a dynamic 
mixer is used in Conjunction with a static mixer as in the second 
embodiment, a substantial increase in flow rate may be achieved 
relative to either the dynamic mixer or the same single in-line static 
mixer used alone and operated at the maximum flow rate that does 
not produce coughing or spitting. 

Further advantages of the present invention will become 
more readily apparent through the following detailed description 
taken in conjunction with the accompanying drawings and examples. 
Brief Description of the Drawing* 

Fig. 1 is a block diagram of a foam mixing system which 
may use static mixing apparatus constructed in accordance with the 
first embodiment of the present invention; 

Fig. 2 is a diagrammatic side view of the first 
embodiment of the invention illustrating a plurality of one illustrative 
type of static mixing element received tightly within a conduit to 



96/09881 



PCT/US95/12392 



-13- 

fbrm a static mixer, the figure being fragmented to imply a much 
larger number of elements than are actually shown; 

Fig. 3 is a diagrammatic side view of a modification of 
the first embodiment of the invention illustrating an apparatus 
utilizing the mixing elements of Fig. 2 but showing such elements 
received loosely within the conduit; 

Fig. 4 is a diagrammatic side view of another 
modification the first embodiment illustrating a plurality of another 
illustrative type of static mixing element received within a conduit to 
form a static mixer, the figure being fragmented to imply a much 
larger number of elements than are actually shown; 

Fig. 4A is a perspective view of a static mixing element 

taken from the mixer of Fig. 4; 

Fig. 4B is a cross section in perspective generally taken 
along line 4B-4B of Fig. 4 with arrows representing fluid flow 
therethrough; 

Fig. 5 is a perspective view illustrating a third alternative 
static mixer which may be used in the present invention; 

Fig. 6A is a perspective view of the middle or 
intermediate mixing element shown in Fig. 5 and illustrating the 
configuration of passageways through the element; 

Fig. 6B is a bottom view of the mixing element shown 
in Fig. 6A and further illustrating the configuration of passageways 
through that element; 
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Figs. 7A and 7B are similar views to those respectively 
shown in Figs. 6A and 6B but illustrating one of the end elements of 
Fig. 5; 

Figs. 8A and 8B are similar views respectively to Figs. 
7A and 7B but illustrating the other end element of Fig. 5; 

Fig. 9 is a block diagram of a foam mixing system 
constructed in accordance with a second embodiment of the 
invention which uses both a dynamic mixer and a static mixer; and, 

Fig. 1 0 is a diagrammatic side view of the mixing 
apparatus of Fig. 9 but more fully illustrating one preferred static 
mixer thereof being similar to the type shown in Fig. 3. 
Balflilfld Description of the Prafarrad Embodiment* 

Referring to Fig. 1, a foam mixing system 2 is illustrated 
and comprises a suitable system in which the static mixing apparatus 
in accordance with the first embodiment of the present invention 
may be incorporated. The general configuration of system 2 is 
shown and described in more detail in U.S. Patent No. 5,056,034 
which is assigned to the assignee of the present invention and 
hereby expressly incorporated herein in its entirety. The system 2 
controls gas and polymer flow to a static mixer 3 constructed 
according to the present invention, as further explained below. The 
static mixer 3 delivers a solution of the polymer and gas to a 
dispensing gun 20 after receiving and mixing liquid polymeric 
material and gas, respectively, from a bulk material source 22 and a 
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gas supply 24. The system 2 further includes a digital flow meter 4, 
a controller 5 as well as a pressure regulator 6 and a mass flow 
meter and valve 7. The digital flow meter 4 produces output pulses 
to the controller 5 and the controller 5 further processes signals from 
5 the mass flow meter and valve 7 as detailed in U.S. Patent No. 

5,056,034. The controller 5 is a microprocessor based control 
device having a set of inputs 8 which accept settings from the 
operator including a setting for the programmed ratio of gas to 
polymer, the polymer meter range and the gas meter range. 
! 0 Although the present invention may be practiced in 

many forms, the three illustrative foaming systems shown in Figs. 2- 
4 demonstrate a basic set up of the first embodiment of the 
invention. More particularly, Fig. 2 illustrates an apparatus 10 
including a plurality of static mixing elements 12 received with a 
1 5 tight fit within a conduit 14, i.e., such that substantially no gap 

exists between the outermost edges or points 12c of the elements 
12 and the inner wall 14a of the conduit 14. The static mixing 
elements 1 2 in this illustrative embodiment are formed in a 
conventional manner as alternating right and left-handed helices 
20 comprising curved flat elements extending longitudinally within the 

conduit 14. Each element 12 has a curvature to turn the direction of 
material flow through the conduit 14. Leading and trailing edges 12a 
and 12b. respectively, of adjacent elements 12 are disposed at a 
substantial angle to each other with the preferred angle being 90°. 



10 
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Elements of this type may be obtained from various manufacturers 
such as Kenics Corporation. The series of elements 12 as well as 
the conduit 14 have been broken away in Fig. 2 such that only a 
very small portion of the actual number of elements 12 and only a 
5 very small portion of the length of the conduit 14 is shown. To 

obtain high quality closed cell foam, the actual minimum number of 
elements 12 having a helical design similar to that shown in Figs. 2 
and 3 is at least about 90 for a material such as plastisol with the 
best results being obtained with at least between 150 to 200 
elements as will be further detailed in the description and examples 
to follow. The exact number of elements will vary dependent upon 
the material to be foamed. 

Elements 12 are preferably physically connected to one 
another at their adjacent leading and trailing edges 12a, 12b in 
groups of predetermined numbers such as by being molded together, 
for example, in groups of ten. With respect to the adjacent elements 
12 which are not physically connected to one another, to maintain 
good mixing these elements 12 are preferably placed within the 
conduit 14 such that the leading edge 1 2a of one touches the trailing 
20 edge 12b of the next. The conduit 14 may be either rigid or flexible 

in nature. If the conduit 14 is flexible, the use of separate groups of 
connected elements helps allow the conduit 14 to flex if necessary, 
for example, during a dispensing operation. 



15 
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One end of the conduit 14 may be connected to a 
dispensing gun 20 while the opposite end of the conduit 14 is 
operativeiy connected to a pressurized bulk material source 22 which 
includes a pump for force feeding polymeric material into the conduit 
5 14. The dispensing gun 20 shown in Figs. 1-4 may, of course, take 

many different forms depending on the particular needs of an 
application. For example, dispensing guns or nozzles may be used 
which produce various spray patterns or beads. Gas is fed into the 
conduit 14 from a gas supply 24 which injects gas into the conduit 

10 14, preferably in a co-axial manner. For plastisols and urethanes 

such as Dynafoam, the polymer should be supplied at a pressure 
equal to or greater than 1 000 psi and preferably at a pressure of 
between about 1400 psi and about 3000 psi. For silicones, good 
foamed products have been obtained at supply pressures of 1000 

1 5 psi, but it is believed that good results may also be obtained at 

supply pressures of 700 psi or greater. The gas may be supplied at 
a pressure of about 100 psi higher than the pressure of the polymer 
so that backflow of polymer does not enter the gas inlet. Preferably, 
a check valve (hot shown) is connected between the gas supply 24 

20 and the inlet end 11 of the conduit 14 to prevent such backflow of 

polymer. 

An alternative to the tight fit of elements 12 shown in 
Fig. 2 is illustrated in Fig. 3 in which like elements of the first and 
second alternatives are represented by like reference numerals. 
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Specificaily, the apparatus 10' of the second alternative includes a 
plurality of mixing elements 12 received by a conduit 14. The 
elements 12 are constructed with a helical design identical to that of 
the first alternative of Fig. 2. The basic difference between the first 
5 and second alternative is that elements 12 and conduit 14 of Fig. 3 

are sized such that a gap 16 exists between the outermost edges or 
points 12c of the elements 12 and the inner wall 14a of the conduit 
14. With the elements 12 centered within the conduit 14, gap 16 
may be approximately 10-30% of the inner radius of the conduit 14. 

10 in other words, the outer diameter of the elements 12 may be 70- 

90% of the inner diameter of the conduit 14. In the examples to 
follow, the conduit 14 had an inner diameter of 0.493" and the 
elements 12 had an outer diameter of 0.370" to create a differential 
of 0.123". In the examples utilizing the mixer of Fig. 3 gap 1 6 was 

1 5 therefore 0.061 5" or about 25% of the inner radius of the conduit 

14. A press fit washer or other inner flange member 18 is provided 
at the trailing end of the entire series of static mixing elements 1 2 to 
hold the static mixing elements 12 within the conduit 14. Apparatus 
10' further comprises a dispensing gun 20, bulk material source 22, 

20 and a gas supply 24 which, for example, comprise components in 

the foam dispensing system 2 illustrated in Fig. 1. 

Fig. 4 illustrates an apparatus 30 constructed according 
to the first embodiment but utilizing another alternative type of static 

i 

mixer. Apparatus 30 comprises a plurality of static mixing elements 
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32 contained within a conduit 34. Like the static mixing elements 
12 of Figs. 2 and 3, elements 32 are generally circular in cross- 
section and are received with a "tight" fit in conduit 34. Elements 
32 are formed of bars 36. 38 intersecting at 45° to the longitudinal 
axis of conduit 34. Adjacent elements 32 are rotated 90° with 
respect to each other about the longitudinal axis of conduit 34. 
Preferably, adjacent elements 32 are physically connected to each 
other, as by welding, in predetermined numbers or groups, such as 
groups of two. Elements 32 are sold by Koch Engineering Co., Inc. 
under the name SMX W . Conduit 34 may be rigid or flexible in nature 
and, if flexible, the use of separate groups of connected elements 
helps allow conduit 34 to flex during a dispensing operation. 

Like the illustrations in Figs. 2 and 3, the series of 
elements 32 as well as the conduit 34 have been broken away in 
Fig. 4 such that only a small portion of the actual number of 
elements 32 and only a small portion of the length of conduit 34 is 
shown. To obtain high quality closed cell foam, the actual minimum 
number of elements having an intersecting bar design similar to that 
shown in Fig. 4 is at least about 30 with some better results being 
obtained using more than 40 elements. Once again, the exact 
number of elements will vary dependent on the material being 
foamed. 

As in the systems described utilizing helical elements, 
one end of conduit 34 is preferably connected to a dispensing gun 
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20 while the opposite end is connected to a pressurized bulk material 
source 22 for force feeding polymeric material into conduit 34. Also, 
pressurized gas from a gas supply 24 is injected coaxially into 
conduit 34. For plastisols and urethanes such as Dynafoam, the 
5 polymer should be supplied at a pressure greater than 1000 psi and 

preferably at a pressure of between about 1400 psi and about 3000 
psi. The gas is supplied at a pressure of about 100 psi higher than 
the polymer supply pressure unless a check valve is used as 
explained with respect to the systems using helical elements. 

10 The basic operation of all three systems shown 

respectively in Figs. 2-4 is the essentially the same, however, the 
operation will be described with respect to Fig. 3 as the loose fit of 
elements 12 causes mixing to take place in a unique manner. Liquid 
polymeric material such as plastisol is force fed into the inlet end 1 1 

15 of the conduit 14 by the pressurized bulk material source 22 at a 

pressure above 1000 psi and preferably in the range of 1400 psi- 
3000 psi. At the same time/ gas such as air is force fed into the 
inlet end 11 of conduit 14 whereupon the solution of gas and liquid 
polymeric material is forced through the conduit 14 (to the left as 

20 viewed in Fig. 3) and through the static mixing elements 12 which 

continuously divide the gas and polymeric material. Some gas and 
liquid polymeric material also passes along gap 1 6 without getting 
divided by elements 12 and is believed to therefore pass along a 
different length path relative to the material which is divided by 

i 

i 
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elements 12. Because of the different length paths, longitudinal 
mixing is believed to take place in addition to the cross sectional 
division which takes place due to elements 12. This mixing occurs 
until the gas is dispersed homogeneously throughout the liquid 
polymer in the form of small bubbles. The solution of gas and 
polymeric material is then dispensed from the gun 20 and foams as it 
contacts a substrate. A high quality closed cell foam is thus 
produced in a form consistent with the type of dispensing gun 20 
used in a particular application. 

Although the accompanying figures show the 
orientation of the mixer to be one in which the static mixing 
elements and flow of the solution are oriented horizontally, this 
particular orientation is not critical. The mixer could be disposed, for 
example, on a vertical axis with either the upstream or downstream 
end at the higher elevation or in any orientation therebetween since 
the polymer/gas solution fills the interior of the conduit. 

In the static mixing art, the degree to which two 
materials are mixed is sometimes expressed in terms of the 
theoretical number of layers formed by the mixing elements. 
Manufacturers of static mixing elements generally supply a formula 
for determining the theoretical number of layers that will be produced 
with a given number of a particular mixing element. Of course, the 
number of static mixing elements required in the present invention 
will vary according to the theoretical "mixing efficiency" of the 
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particular mixing element with a greater number of elements 
generally being required when using elements having lower mixing 
efficiencies and a lesser number of elements being required when 
using elements having higher relative mixing efficiencies. However, 
testing and resulting calculations based on mixing elements of 
various designs and mixing efficiencies has unexpectedly shown that 
at least about TO? 7 theoretical layers are necessary to produce high 
quality foam by mixing gas with viscous polymeric liquids such as 
adhesives, sealants and caulks. Illustrative examples of such 
calculations are given below. 

The helical mixing elements 12 shown in Figs. 2 and 3 
will theoretically divide fluid flow into e number of layers according 
to the formula: 

' 2° 

where "n" is the number of elements 12. Therefore, 90 such 
elements will theoretically divide flow into approximately 10" layers 
according to the above formula. 

Another static mixer, Ross type ISG, is somewhat more 
efficient in terms of the number of layers produced per element and 
divides flow into a number of layers according to the formula: 

2"(4) 

where "n" is again the number of elements. Using the Ross mixing 
elements, 90 elements will therefore divide flow into approximately 
5x10" layers. 
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As shown in Fig. 5, the Ross type ISG mixer comprises 
mixing elements 42, 44, 46 with elements 44 end 46 being end 
elements and element 42 being an intermediate element. As 
appreciated from Example 4 below, there will be many Intermediate 
5 elements 42 received within a conduit and between end elements 

44. 46. Each element 42, 44, 46 includes four passages configured 
to mix liquid as it flows through mixer 40. Intermediate element 42 
contains passages 48 and end elements 44, 46 each respectively 
include passages 50, 52. The configuration of passages 48, 50, 52 
10 are best illustrated, respectively, in Figs. 6A and 6B, 7A and 7B, and 

8A and 8B. It will be appreciated that the configuration and 
arrangement of passages 48 in intermediate element 42 serves to 
mix any liquid flowing through a plurality of such elements 42 by 
directing the liquid within a given passage from an outside or 
1 5 peripheral portion of the element 42 on one side thereof to an inside 

or central portion of the element 42 on the other side. 

The static mixer shown in Fig. 4 and sold by Koch 
Engineering Co., Inc. under the name SMX« is still more efficient in 
terms of the number of layers produced per element and divides flow 
20 Into a number of layers according to the formula: 

16" 
2 

where "n" is again the number of elements. With the Koch mixing 
elements, just 23 elements are therefore needed to divide flow into 
25 approximately 2.5x10 27 layers. 
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Bamnifla of Heal p "" h trflmftnt 

Apparatus 

Examples 1-12 given below were performed with static 
mixing apparatus configured substantially as shown in Rgs. 2, 3 or 
5 4, however, Ross mixing elements of the type mentioned above were 

utilized in Example 4. Apparatus as shown in Fig. 2 having helical 
mixing elements with a "tight" fit within a conduit was utilized in 
Examples 1 and 9 while apparatus as shown in Fig. 3 having helical 
mixing elements with a "loose" fit was utilized in Examples 2, 3, 7 
10 and 10. The Ross mixing elements as well as the Koch mixing 

elements, shown In Fig. 4, were both used in the corresponding 
examples below in conduits with a "tight" fit. 

The static mixers were all used in a system generally 
corresponding to the diagrammatic illustration of Fig. 1 . in this 
15 regard, a FoamMix 1 " Series 9400 processor, manufactured by 

Nordson Corp. of Westlake, Ohio, and assignee of the present 
invention, was used as the controller. Using this controller, a gas 
ratio index value is programmed into the system and corresponds to 
a theoretical density reduction of the polymer. Specifically, the 
20 theoretical density reduction is eight times the gas ratio index value. 

For example, ratio settings of 2.0 and 4.0, as used in Examples 1-12 
to follow, correspond to respective theoretical density reductions of 
1 6% and 32%. As further demonstrated below, actual density 
reduction will often differ from theoretical. 
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The conduits used In each of Examples 1-12 were 
formed of stainless steel. The conduit used in the "tight" fit 
Examples utilizing helical mixing elements had a .540" outer diameter 
and a .506" inner diameter. The helical static mixing elements used 
5 in the "tight" fit Examples had an outer diameter of .495". The 

conduit used in the "loose" fit Examples had a .675" outer diameter 
and a .493" inner diameter. The static mixing elements used in the 
loose fit examples had an outer diameter of .370". The conduit used 
in the Example utilizing Ross mixing elements had a 1.25" outer 

10 diameter and a 1.010" inner diameter. The Ross static mixing 

elements had an outer diameter of .970". The conduit used in the 
Example utilizing Koch mixing elements had a .675" outer diameter 
and a .502" inner diameter. The Koch static mixing elements had an 
outer diameter of .480". In all Examples a nozzle was used to 

1 5 dispense a bead of closed cell foam. 

Example 1 

The apparatus shown in Fig. 2 of the drawings having 
the physical parameters described above was operated for foaming 
plastisol (No. ESBM4G252-B) sold by Coat-It Co. The plastisol was 
20 supplied to the inlet of the mixer at room temperature and at a 

pressure of 3000 psi and a flow rate of 700 ccpm. Gas in the form 
of air was supplied at room temperature and at a pressure just above 
3000 psi through a check valve connected to the gas inlet of the 
mixer. The gas ratio index value was programmed at 2.0. There 

I 

I 
t 

i 
I 
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were 198 static mixing elements received tightly by the conduit. 
The pressure drop across the mixer was 678 psi and the nozzle 
pressure was 543 psi. The flow rate at the nozzle was 820 ccpm 
and the resulting product flowing from the nozzle was a continuous, 
5 creamy, very homogenous foam with small bubbles contained 

therein. The density reduction of the foamed plastisol obtained with 
this apparatus was approximately 37%. There was no "coughing" or 
"spitting* observed at the nozzle. 

Example 2 

10 The apparatus shown in Fig. 3 of the drawings having 

the physical parameters described above was operated for foaming 
the plastisol used in Example 1 . The plastisol was supplied to the 
inlet of the mixer at room temperature and at a pressure of 2200 psi 
and a flow rate of 700 ccpm. Gas in the form of air was supplied at 

1 5 room temperature and at a pressure just above 2200 psi through a 

check valve connected to the gas inlet of the mixer. The gas ratio 
index value was programmed at 2.0. There were 96 static mixing 
elements received loosely by the conduit. The pressure drop across 
the mixer was 189 psi and the nozzle pressure was 732 psi. The 

20 flow rate at the nozzle was 733 ccpm and the resulting product 

flowing from the nozzle was a continuous, creamy, very 
homogenous foam with small bubbles contained therein. The density 
reduction of the foamed plastisol obtained with this apparatus was 
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approximately 36%. There was no "coughing" or "spitting- 
observed at the nozzle. 

Example 3 

The apparatus shown in Fig. 3 of the drawings having 
5 the physicel parameters described above was operated for foaming 

the plastisol used in Example 1 , The plastisol was supplied to the 
Inlet of the mixer at room temperature and at a pressure of 1400 psi 
and a flow rate of 1200 ccpm. Gas in the form of air was supplied 
at room temperature and at a pressure Just above 1400 psi through a 
check valve connected to the gas inlet of the mixer. The gas ratio 
index value was programmed at 4.0. There were 192 static mixing 
elements received loosely by the conduit. The pressure drop across 
the mixer was 360 psi and the nozzle pressure was 404 psi. The 
flow rate at the nozzle was 1232 ccpm and the resulting product 
1 5 flowing from the nozzle was a continuous, creamy, very 

homogenous foam with small bubbles contained therein. The density 
reduction of the foamed plastisol obtained with this apparatus was 
approximately 51 %. There was no "coughing" or "spitting- 
observed at the nozzle. 
2Q Example 4 

An apparatus substantially as shown in Fig. 2 but 
utilizing Ross mixing elements as described ebove was opereted for 
foaming the plastisol used in Example 1. The plastisol was supplied 
to the inlet of the mixer at room temperature and at a pressure of 
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3000 psi and a flow rate of 700 ccpm. Gas in the form of air was 
supplied at room temperature and at a pressure |ust above 3000 psi 
through a check valve connected to the gas inlet of the mixer. The 
gas ratio index value was programmed at 4.0. There were 1 20 
5 static mixing elements received tightly by the conduit. The pressure 

drop across the mixer was 790 psi. The flow rate at the nozzle was 
849 ccpm and the resulting product flowing from the nozzle was a 
continuous, creamy, very homogenous foam with small bubbles 
contained therein. The density reduction of the foamed plastisol 
10 obtained with this apparatus was approximately 39%. There was no 

"coughing- or "spitting" observed at the nozzle. 

Example 5 

An apparatus as shown in Fig. 4 was operated for 
foaming the plastisol used in Example 1. The plastisol was supplied 

1 5 to the inlet of the mixer at room temperature and at a pressure of 

3000 psi and a flow rate of 700 ccpm. Gas in the form of air was 
supplied at room temperature and at a pressure just above 3000 psi 
through a check valve connected to the gas inlet of the mixer. The 
gas ratio index value was programmed at 4.0. There were 42 static 

20 mixing elements received tightly by the conduit. The pressure drop 

across the mixer was 280 psi. The flow rate at the nozzle was 930 
ccpm and the resulting product flowing from the nozzle was a 
continuous, creamy, very homogenous foam with small bubbles 
contained therein. The density reduction of the foamed plastisol 
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obtained with this apparatus was approximately 37%. There was no 
"coughing" or "spitting" observed at the nozzle. 

Example fi 

An apparatus as shown in Fig. 4 was operated for 
5 foaming the plastisol usedtin Example 1 . The plastisol was supplied 

to the inlet of the mixer at room temperature and at a pressure of 
2200 psi and a flow rate. of 700 ccpm. Gas in the form of air was 
supplied at room temperature and at a pressure just above 2200 psi 
through a check valve connected to the gas inlet of the mixer. The 
10 gas ratio index value was programmed at 2.0. There were 30 static 

mixing elements received tightly by the conduit. The pressure drop 
across the mixer was 234 psi. The flow rate at the nozzle was 870 
ccpm and the resulting product flowing from the nozzle was a 
continuous, creamy, very homogenous foam with small bubbles 
15 contained therein. The density reduction of the foamed plastisol 

obtained with this apparatus was approximately 27%. There was no 
•coughing" or "spitting" observed at the nozzle. 

Example 7 

The apparatus shown in Fig. 3 of the drawings having 
20 the physical parameters described above was operated for foaming 

DOW 732 Aluminum Silicone RTV. The silicone was supplied to the 
inlet of the mixer at room temperature and at a pressure of 1 180 psi 
and a flow rate of 88 ccpm. Gas in the form of N 2 was supplied at 
room temperature and at a pressure just above 1 180 psi through a 
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check valve connected to the gas inlet of the mixer. The gas ratio 
index value was programmed at 6.0. There were 192 helical mixing 
elements received loosely by the conduit. The pressure drop across 
the mixer was 930 psi. The resulting product flowing from the 
nozzle was a continuous, creamy, very homogenous foam with small 
bubbles contained therein. The density reduction of the foamed 
silicone obtained with this apparatus was approximately 48%. There 
was no "coughing" or "spitting" observed at the nozzle. 

Example g 

An apparatus as shown in Fig. 4 was operated for 
foaming DOW 732 Aluminum Silicone RTV. The silicone was 
supplied to the inlet of the mixer at room temperature and at a 
pressure of 141 1 psi and a flow rate of 220 ccpm. Gas in the form 
of N 2 was supplied at room temperature and at a pressure just above 
141 1 psi through a check valve connected to the gas inlet of the 
mixer. There were 32 mixing elements received tightly by the 
conduit. The gas ratio index value was programmed at 8.0. The 
pressure drop across the mixer was 802 psi. The resulting product 
flowing from the nozzle was a continuous, creamy, very 
homogenous foam with small bubbles contained therein. The density 
reduction of the foamed silicone obtained with this apparatus was 
approximately 53%. There was no "coughing" or "spitting" 
observed at the nozzle. 
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Example.3 

The apparatus shown in Fig. 2 of the drawings having 
the physical parameters described above was operated for foaming 
the plastisol used in Exampie 1. The plastisol was supplied to the 
5 inlet of the mixer at room temperature and at a pressure of 600 psi 

and a flow rate of 700 ccpm. Gas in the form of air was supplied at 
room temperature and at a pressure just above 600 psi through a 
check valve connected to the gas inlet of the mixer. The gas ratio 
index value was programmed at 2.0. There were 1 02 static mixing 
1 o elements received tightly by the conduit. The pressure drop across 

the mixer was 220 psi and the nozzle pressure was 17.4 psi. The 
flow rate at the nozzle was 704 ccpm and the density reduction of 
the foamed plastisol obtained with this apparatus was approximately 
25%. There was an abundance of "coughing- or "spitting- observed 
1 5 at the nozzle which led to nonuniform output of foamed plastisol. 

The less satisfactory results of this example were attributed to both 
the relatively low input pressure of the plastisol to the mixer and an 
insufficient number of tightly received mixing elements in the 
conduit. 

20 Fxample 1Q 

The apparatus shown in Fig. 3 of the drawings having 
the physical parameters described above was operated for foaming 
the plastisol used in Example 1. The plastisol was supplied to the 
inlet of the mixer at room temperature and at a pressure of 2200 psi 
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and a flow rate of 1200 ccpm. Gas in the form of air was supplied 
at room temperature and at a pressure just above 2200 psi through a 
check valve connected to the gas inlet of the mixer. The gas ratio 
index value was programmed at 4.0. There were 96 static mixing 
elements received loosely by the conduit. The pressure drop across 
the mixer was 169 psi and the nozzle pressure was 1540 psi. The 
flow rate at the nozzle was 1 100 ccpm and the density reduction of 
the foamed plastisol obtained in this example was approximately 
46%. There was slight nonuniformity to the output stream observed 
at the nozzle. 

Example 1 1 

An apparatus as shown in Fig. 4 was operated for 
foaming the plastisol used in Example 1 . The plastisol was supplied 
to the inlet of the mixer at room temperature and at a pressure of 
2200 psi and a flow rate of 700 ccpm. Gas in the form of air was 
supplied at room temperature and at a pressure just above 2200 psi 
through a check valve connected to the gas inlet of the mixer. The 
gas ratio index value was programmed at 4.0. There were 12 static 
mixing elements received tightly by the conduit. The pressure drop 
across the mixer was 70 psi. The pressure at the nozzle was 450 
psi and the flow rate at the nozzle was 733 ccpm. The density 
reduction of the foamed plastisol obtained in this example was 
approximately 40%. There was an abundance of "coughing" or 
"spitting" observed at the nozzle which created unsatisfactory 
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nonuniformitles in the output. This was attributed mainly to the 
insufficient number of elements used in the mixer. 

fyamnle 12 

An apparatus as shown in Fig, 4 was operated for 
5 foaming the plastisol used in Example 1 . The plastisol was supplied 

to the inlet of the mixer at room temperature and at a pressure of 
1400 psi end a flow rate of 700 ccpm. Gas in the form of air was 
supplied at room temperature and at a pressure just above 1400 psi 
through a check valve connected to the gas inlet of the mixer. The 
10 ges ratio index value was programmed at 2.0. There were 30 static 

mixing elements received tightly by the conduit; The pressure drop 
across the mixer was 175 psi. The flow rate at the nozzle was 615 
ccpm. The density reduction of the foamed plastisol obtained in this 
example was approximately 18%. There was slight "coughing" or 
1 5 "spitting" observed at the nozzle which created slight 

nonuniformities in the output. The relatively low density reduction 
and the slight nonuniformities in the output were attributed mainly to 
having a marginally satisfactory number of elements in the mixer. 
Referring to Fig. 9, a foam mixing system 2' 

20 constructed according to a second embodiment is illustrated and 

comprises a foam dispensing system in which static mixing 
apparatus has been combined in series with dynamic mixing 
apparatus to yield high quality foam without coughing or spitting and 
at flow rates well above those obtainable with the dynamic mixing 
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apparatus or static mixing apparatus used alone. Except for the 
incorporation of the present invention into system 2', the general 
configuration of system 2' is shown and described in more detail in 
the above incorporated U.S. Patent No. 5,056,034. A detailed 
5 discussion of system 2' is not deemed necessary except for the 

differences relative to system 2 described above with respect to the 
first embodiment since most of the components may remain the 
same. 



10 



15 



20 



The main difference as shown in Fig. 9 is that system 2' 
incorporates a dynamic mixer 3a which may be of the type disclosed 
in the '631 patent and specifically one sold by Nordson Corporation 
of Westlake, Ohio under the name FoamMix" A/T. Specifically, 
dynamic mixer 3a receives liquid polymeric material and gas from 
respective supplies 22, 24. Liquid polymeric material is supplied 
through a flow meter 4 and gas is supplied through a mass flow 
meter and valve 7 as described above. Upon passing through 
dynamic mixer 3a, the gas and polymeric material solution is directed 
through a static mixer 3b which may include any suitable static 
mixing element design. Static mixer 3b further mixes the solution of 
gas and polymeric material into a form which includes no large gas 
bubbles capable of causing coughing and spitting at dispensing gun 
20. 
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Egajppjg of thft ffftffftrtf f pi hndimflnt 
Apparatus 

Example 13 given below relates to the second 
embodiment presented in Figs. 9 and 10. The apparatus included a 
5 standard FoamMix- A/T Series machine coupled with helical mixing 

elements having a "loose' fit in a conduit 1 4 as shown in Fig. 1 0 
and having dimensions detailed below and described in more detail 
with respect to Fig. 3. The static mixers were used in a system 
corresponding to the diagrammatic illustration of Fig. 9. The 
10 FoamMix- Series 9400 processor, manufactured by Nordson 

Corp. of Westlake. Ohio., and assignee of the present invention, was 
used as the system controller. Using this controller, a gas ratio index 
value is programmed into the system and corresponds to a 
theoretical density reduction of the polymer. Specifically, the 
15 theoretical density reduction is eight times the programmed gas ratio 

index value. For example, a ratio setting of 5.0, as used in the 
example to follow, corresponds to a respective theoretical density 
reduction of 40%. Actual density reductions will often differ from 
theoretical. A measure of successful mixing at any given density 
20 reduction is no "spitting" or "coughing" observed at the gun nozzle. 

The conduit 14 containing the static mixing elements 
used in Example 13 was formed of stainless steel. The conduit had 
a .675" outer diameter and a .493" inner diameter. The static 
mixing elements 12 used in the Example had an outer diameter of 
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.370". A gun 20 was used to dispense a bead of the foamed 
material. 

Example 13 

The apparatus shown in Fig. 9 and Fig. 10 of the 
5 drawings was operated for foaming plastisol (No. ESBM4G252-B) 

sold by Coat-It Co. The plastisol was supplied to the FoamMix" 1 A/T 
machine at room temperature and at a pressure of 2180 psi and a 
flow rate of 6337 ccpm. Gas in the form of air was supplied at room 
temperature and at a pressure of 3000 psi through a check valve 
10 connected to the gas inlet of the FoamMix 1 " A/T dynamic mixer. The 

FoamMix™ A/T mixer was operated at 500 rpm. The gas ratio index 
value was programmed at 5.0. There were 48 static mixing 
elements downstream of the FoamMix 1 " A/T machine in a "loose" fit 
conduit as described above. The resulting product flowing from the 
15 nozzle was a continuous, creamy, very homogenous foam with small 

bubbles therein. The density reduction of the foamed plastisol 
obtained with this apparatus was approximately 37%. There was no 
"coughing" or "spitting" observed at the nozzle. 

These results are unexpected and significant since the 
20 same dynamic mixer used alone yields a maximum of only about 

2200 ccpm without coughing or spitting at the gun assuming the 
other test parameters remain essentially the same. Two of these 
dynamic mixers used in parallel have been shown to enable a top 
flow rate of about 4800 ccpm without coughing or spitting, 
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however. the addition of a second dynamic mixer further adds to the 
expense and still yields a flow rate significantly below that of 
Example 13. 

From the description and examples given above, those 
5 of ordinary skill in the art will readily recognize other embodiments 

falling within the scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1 . Apparatus for mixing gas with viscous polymeric 

material within a conduit to produce a closed cell foam, said 
apparatus comprising: 
5 a pump for delivering said polymeric material at a 

pressure through said conduit; 

a pressurized gas supply connected to said conduit for 
injecting pressurized gas into said polymeric material within said 
conduit downstream of said pump; and, 

10 a static mixer for mixing said gas into a homogeneous 

solution within said polymeric material, said static mixer having inlet 
and outlet ends and being contained in a conduit downstream of 
both said pump and said gas supply, said static mixer further 
comprising at least about 90 curved flat elements extending 

15 longitudinally within said conduit, each element having a curvature to 

turn the direction of material flow through said conduit, and wherein 
leading and trailing edges of adjacent elements are disposed at a 
substantial angle to each other. 



20 



2. The apparatus of claim 1 wherein said elements are 

received by said conduit such that a gap exists between outside 
edges of said elements and an inner wall of said conduit. 
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3. The apparatus of claim 2 wherein an outer diameter of 
said elements is approximately 70-90% of an inner diameter of said 
conduit. 

4. The apparatus of claim 3 wherein the outer diameter of 
5 said elements is approximately 75% of the inner diameter of said 

conduit. 

5 The apparatus of claim 2 wherein said static mixer 

further comprises at least approximately 1 50 elements. 
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6. Apparatus for mixing gas with viscous polymeric 

material within a conduit to produce a closed cell foam, said 
apparatus comprising: 

a pump for delivering said polymeric material at a 
5 pressure through said conduit; 

means for injecting pressurized gas into said polymeric 
material within said conduit downstream of said pump; and, 

a static mixer for mixing said gas into a homogeneous 
solution within said polymeric material, said static mixer having inlet 
10 and outlet ends and being contained within said conduit downstream 

of both said pump and said means for injecting pressurized gas, said 
static mixer further comprising a plurality of static mixing elements, 
said elements having a theoretical mixing efficiency defined by a 
formula for determining a theoretical number of layers that said mixer 
15 will divide fluid flow into based on a given number of said elements, 

wherein said mixer comprises a number of said elements sufficient to 
divide said mixture, according to said formula, into at least about 
10 27 layers in a single pass through said mixer to create a solution of 
said gas and said polymeric material. 



20 



7. The apparatus of claim 6 wherein said mixing elements 

have a theoretical mixing efficiency defined by the formula 2 n 
wherein "n" is the number of mixing elements. 
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8 The apparatus of claim 6 wherein said mixing elements 

have a theoretical mixing efficiency defined by the formula 2 n (4) 
wherein "n" is the number of mixing elements. 

9. The apparatus of claim 6 wherein said mixing elements 
5 have a theoretical mixing efficiency defined by the formula 1 672 

wherein "n" is the number of mixing elements. 

10. The apparatus of claim 6 wherein said elements are 
received by said conduit such that a gap exists between outside 
edges of said elements and an inner wall of said conduit. 

1 0 -j 1 m The apparatus of claim 1 0 wherein an outer diameter of 

said elements is approximately .70-90% of an inner diameter of said 
conduit. 



15 



12. The apparatus of claim 1 1 wherein the outer diameter of 

said elements is approximately 75% of the inner diameter of said 
conduit. 
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13. Apparatus for mixing gas with viscous polymeric 

material within a conduit to produce a closed cell foam, said 
apparatus comprising: 

a pump for delivering said polymeric material at a 
pressure through said conduit; 

means for injecting pressurized gas into said polymeric 
material within said conduit downstream of said pump; and, 

a static mixer for mixing said gas into a homogeneous 
solution within said polymeric material, said static mixer having inlet 
and outlet ends and being contained within said conduit downstream 
of both said pump and said means for injecting pressurized gas, said 
static mixer further comprising at least about 30 mixing elements 
extending along a longitudinal axis of said conduit, wherein each 
mixing element is comprised of a plurality of bars intersected at 45° 
to the longitudinal axis of said conduit and adjacent elements being 
rotated 90° with respect to each other. 



1 4. The apparatus of claim 13 wherein said static mixer 

further comprises at least approximately 40 mixing elements. 
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15 . An apparatus for mixing a gas with a polymeric material 

comprising an adhesive, sealant or caulk to produce a closed cell 
foam, said apparatus comprising: 

means for supplying said polymeric material from a 

5 source thereof at an inlet pressure of at least about 1000 psi; 

means for injecting said gas into the polymeric material? 

a dispensing outlet; and, 

a conduit coupled to said dispensing outlet and said 
means for injecting gas, said conduit having a plurality of static 
10 mixing elements therein of sufficient quantity to produce a 

homogeneous solution of said polymeric adhesive, sealant or caulk, 
such that upon dispensing said solution from said dispensing outlet a 
density reduction of said polymeric adhesive, sealant or caulk of at 
least about 30% is obtained. 
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! 6 . The apparatus of claim 1 5 wherein said static mixing 

elements have a mixing efficiency defined by a predetermined 
formula for determining a theoretical number of layers that said mixer 
will divide fluid flow into based on a given number of said elements, 
wherein said mixer comprises a number of said elements sufficient to 
divide said mixture, according to said predetermined formula, Into at 
least about 10 27 layers in a single pass through said mixer to create a 
solution of said gas and said polymeric material. 
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1 7. The apparatus of claim 1 6 wherein said mixing elements 

have a theoretical mixing efficiency defined by the formula 2" 
wherein "n" is the number of mixing elements. 



1 8. The apparatus of claim 1 6 wherein said mixing elements 
have a theoretical mixing efficiency defined by the formula 2"{4) 
wherein "n" is the number of mixing elements. 

19. The apparatus of claim 16 wherein said mixing elements 
have a theoretical mixing efficiency defined by the formula 1672 
wherein "n" is the number of mixing elements. 



10 



20. The apparatus of claim 1 5 wherein said elements ai 

received by said conduit such that a gap exists between outside 
edges of said elements and an inner wall of said conduit. 
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21 A method of producing a closed cell foam by mixing gas 

into a homogeneous dispersion within a liquid polymeric material 
having a viscosity above approximately 2.000 cps, the method 

comprising the steps of: 
5 force feeding said polymeric material to an inlet end of a 

static mixer at a pressure; 

injecting a pressurized gas into said polymeric material 
upstream of said inlet end of said static mixer to create a mixture of 
said gas and said polymeric material; and, 
10 directing said mixture in a single pass through an in-line 

static mixer until the mixture has been divided into at least about 
10 27 layers, as determined by a theoretical mixing efficiency formula 
of said mixer, thereby creating a solution of said gas and said 
polymeric material. 

! 5 22. The method of claim 21 wherein the step of delivering 

said polymeric material further comprises delivering a polymeric 
material selected from the group consisting of plastisols, silicones, 
butyls and urethanes. 
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23. The method of claim 21 wherein said polymeric material 

is force fed to the inlet of said static mixer at a pressure above 
approximately 1 ,000 psi. 
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24. The method of claim 21 wherein said polymeric material 

has a viscosity above approximately 10,000 cps. 
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25. A method of producing a closed cell foam by mixing gas 

into a homogeneous dispersion within a liquid polymeric material 
having a viscosity of at least approximately 2.000 cps. the method 

comprising the steps of: 
5 delivering said polymeric material to a conduit at a 

pressure; 

injecting a pressurized gas into said polymeric material 
within said conduit to create a mixture of said gas and said polymeric 



10 



material; and, 

directing said mixture through at least about 90 mixing 
elements of a static mixer contained within said conduit, wherein 
said mixing elements comprise a series of curved, flat elements 
extending longitudinally within said conduit, each element having a 
curvature to turn the direction of material flow through said conduit, 
and wherein leading and trailing edges of adjacent elements are 
disposed at a substantial angle to each other. 

26. The method of claim 25 wherein the step of delivering 

said polymeric material further comprises delivering a polymeric 
material selected from the group consisting of plastisols. silicones, 
20 butyls and urethanes. 
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27. The method of claim 25 wherein said polymeric material 
is force fed to the inlet of said static mixer at a pressure above 
approximately 1,000 psi. 

28. The method of claim 25 wherein said polymeric material 
5 has a viscosity above approximately 1 0,000 cps. 
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29. A method of producing a ciosed cell foam by mixing gas 

into a homogeneous dispersion within a liquid polymeric material 
having a viscosity of at least approximately 2.000 cps. the method 

comprising the steps of: 
5 delivering said polymeric material to a conduit at a 

pressure; 

injecting a pressurized gas into said polymeric material 
within said conduit to create a mixture of said gas and said polymeric 
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material; 

directing said mixture in a single pass through a static 
mixer contained within said conduit until said gas is homogeneously 
dispersed throughout said polymeric material in the form of a solution 
containing microbubbles which cause a density reduction of said 
polymeric material of at least about 30%; and, 

discharging said solution from said static mixer and said 
conduit to form a closed celled foam structure from said solution. 

30. The method of claim 29 wherein said mixture is directed 

through said in-line static mixer until said gas is homogeneously 
dispersed throughout said polymeric material in the form of a solution 
containing microbubbles which cause a density reduction of said 
polymeric material of at least about 40%. 
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-so- 
ar. The method of claim 29 wherein said mixture is directed 
through said in-line static mixer until said gas is homogeneously 
dispersed throughout said polymeric material in the form of a solution 
which cause a density reduction of said polymeric material of at least 
about 50%. 

32. The method of claim 29 wherein the step of delivering 
said polymeric material further comprises delivering a polymeric 
material selected from the group consisting of plastisols, silicones, 
butyls and urethanes. 

33. The method of claim 29 wherein said polymeric material 
is force fed to the inlet of said static mixer at a pressure above 
approximately 1 ,000 psi. 

34. The method of claim 29 wherein said polymeric material 
has a viscosity above approximately 10,000 cps. 

35. The method of claim 29 wherein . said mixture is directed 
through an in-line static mixer. 
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36. A method of producing a closed cell foam by mixing gas 

into a homogeneous dispersion within a liquid polymeric material 
having a viscosity of at least approximately 2.000 cps. the method 

comprising the steps of: 
5 delivering said polymeric material to a conduit at a 

pressure; 

injecting a pressurized gas Into said polymeric material 
within said conduit to create a mixture of said gas and said polymeric 



10 



material; and, 

directing said mixture through at least about 30 mixing 
elements of a static mixer contained within said conduit, wherein 
.aid mixing elements extend elong e longitudinal ax., of said conduit 
and comprise a plurality of bars intersected a, 45- to the longitudina. 
axis of said conduit and adjacent elements being rotated 90- with 
15 respect to each other. 

37 . The method of cleim 36 wherein the step of delivering 

said polymeric materia, further comprises de.iver.ng a polymeric 
materia, selected from the group consisting of plastisols. silicones, 
butyls and urethanes. 

20 38. The method of claim 36 wherein said polymeric material 

is force fed to the Inlet of said static mixer at a pressure above 
approximately 1.000 psi. 
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39. The method of claim 36 wherein said polymeric material 

has a viscosity above approximately 10,000 cps. 
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40. Dynamic and static mixing apparatus for mixing gas 

with viscous polymeric material to produce a closed cell foam, said 

apparatus comprising: 

a dynamic mixer connected in series with a static mixer 

5 to allow fluid flow therebetween; 

a pump connected to one of said dynamic mixer and 
said static mixer for delivering said polymeric material at a pressure 
to said one of said said dynamic mixer and said static mixer; and, 
a pressurized gas supply connected to said one of said 
10 dynamic mixer and said static mixer. 

41 . The apparatus of claim 40 wherein said static mixer 
comprises a plurality of in-line static mixing elements contained in a 
conduit. 

42. The apparatus of claim 41 wherein said static mixing 
15 elements are helical elements. 



43. The apparatus of claim 41 wherein said elements are 

received by said conduit such that a gap exists between outside 
edges of said elements and an inner wall of said conduit. 
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44. The apparatus of claim 43 wherein an outer diameter of 
said elements is approximately 70-90% of an inner diameter of said 
conduit. 

45. The apparatus of claim 44 wherein the outer diameter of 
5 said elements is approximately 75% of the inner diameter of said 

conduit. 

46. The apparatus of claim 40 wherein said pump and said 
pressurized gas supply are connected to said dynamic mixer and said 
static mixer is connected for fluid communication with an outlet of 

10 ^ said dynamic mixer. 
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47. A method of producing a closed cell foam by mixing gas 

Into a homogeneous dispersion within a liquid polymeric material 
having a viscosity above approximately 2,000 cps, the method 
comprising the steps of: 
5 force feeding said polymeric material to an inlet end of 

one of a dynamic mixer and a static mixer connected in series with 
each other; 

injecting a pressurized gas into said polymeric material 
upstream of said inlet end to create a mixture of said gas and said 
10 polymeric material; and, 

directing said mixture through both said dynamic mixer 
and said static mixer to produce a solution of said gas and said 
polymeric material. 
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48. The method of claim 47 wherein said static mixer is 

connected to an outlet of said dynamic mixer and said polymeric 
material and said gas are first directed into said dynamic mixer. 
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49. A method of producing a closed cell foam by mixing gas 

into a homogeneous dispersion within a liquid polymeric material 

having a viscosity above approximately 2,000 cps, the method 

comprising the steps of: 
5 force feeding said polymeric material to an inlet end of a 

static mixer at a pressure; 

injecting a pressurized gas into said polymeric material 

upstream of said inlet end of said static mixer to create a mixture of 

said gas and said polymeric material; 
10 dividing said mixture cross sectionally into a plurality of 

flow paths; and 

further mixing the mixture by providing different flow 

paths which move portions of the mixture longitudinally at different 

rates while continually remixing the portions into other portions of 
15 the mixture. 



50. The method of claim 49 wherein the step of force 

feeding said polymeric material further comprises delivering a 
polymeric material selected from the group consisting of plastisols, 
silicones, butyls and urethanes. 
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51. The method of claim 49 wherein said polymeric material 

is force fed to the inlet of said static mixer at a pressure above 
approximately 1 ,000 psi. 
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52. The method of claim 49 wherein said polymeric material 

has a viscosity above approximately 1 0.000 cps. 
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